CONCLUSIONS:
In a prospective study of children with EoE, 8 weeks of 4-food elimination diet induced clinical, endoscopic, and histologic remission in more than 60% of children with EoE. Although less restrictive than 6-food elimination diet, 4-food elimination diet was nearly as effective, and can be recommended as a treatment for children with EoE.
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See editorial on page 1668. E osinophilic esophagitis (EoE) is a chronic, immunemediated inflammatory disease of the esophagus characterized clinically by symptoms of esophageal dysfunction and histologically by eosinophil-predominant inflammation.
1, 2 Kelly et al 3 demonstrated clinical and histologic remission in children with isolated esophageal eosinophilia when treated with an exclusive amino-acidbased formulation. Reintroduction of incriminating foods resulted in recurrence, thereby establishing that EoE is triggered by food antigen. Six-food elimination diet (SFED) excluding cow's milk, wheat, egg, soy, peanut/tree nut, and fish/shell-fish demonstrated clinical and histologic remission in 74% of children. 4 Other retrospective pediatric and prospective and retrospective adult studies showed remission in 58%-81% of children and adults treated with SFED. [5] [6] [7] [8] [9] [10] Cow's milk, wheat, egg, and soy were identified as the 4 foods most likely causing inflammation in EoE. 5, 6, 11 A recently published 4 food group elimination diet study in Spanish subjects demonstrated remission in 54% adults. 12 We investigated whether excluding fewer foods is effective in inducing clinical, endoscopic, and histologic remission. We also wanted to identify the frequency of specific EoE trigger foods.
Materials and Methods
The institutional review board approved this study at each of the following participating institutions: Lurie Children's Hospital of Chicago, Chicago, Illinois; Mount Sinai Medical Center, New York, New York; Texas Children's Hospital, Houston, Texas; and GI Care for Kids, Atlanta, Georgia. Parents or legal guardians provided written informed consent for participation. All investigators followed the same protocol detailing the study's design, inclusion criteria, endoscopic grading, allergy testing, and treatment endpoints. A manual of operations and 4-food elimination diet (FFED) patient handouts were developed and shared by all the centers. Subjects were recruited from outpatient gastroenterology clinics at the participating institutions. EoE cases, aged 1-18 years, were diagnosed per consensus guidelines, 1 which included symptoms of esophageal dysfunction, and the presence of !15 eosinophils per high power field (eos/hpf) in esophageal biopsies. Subjects were treated with twice-daily proton pump inhibitor for 8 weeks followed by baseline diagnostic esophagogastroduodenoscopy (EGD), and only those who demonstrated persistent esophageal eosinophilia were included in the study. Subjects previously treated with topical steroids underwent a baseline EGD off steroids for 3 months and were included on demonstrating esophageal eosinophilia. After diagnostic EGD, all subjects continued proton pump inhibitor once daily for the remainder of the study to treat comorbid gastroesophageal reflux disease and limit proton pump inhibitor as a confounder between patients throughout the study. All EGD were performed under general anesthesia. Other medications for the treatment of asthma and allergic rhinitis including nasal steroids were continued unchanged throughout the study. Patients on systemic or topical steroids or those with eosinophilic gastroenteritis and eosinophilic colitis were excluded from the study, as were patients with celiac disease, and inflammatory bowel disease.
Study Endpoints
The primary study treatment endpoint was histologic remission with eosinophil count <15 eos/hpf. Secondary endpoints included symptomatic and endoscopic improvement and identification of specific food triggers.
Allergy Testing
Food-specific serum-specific IgE (sIgE) ImmunoCAP testing and skin prick testing (SPT) to cow's milk, wheat, egg, and soy was performed. Positive tests were defined as sIgE >0.35 KU/L and SPT >3 mm maximal wheal diameter.
Study Design
A dietitian instructed both parents and patients on proper food elimination, food label reading, appropriate food substitution, and avoiding cross contact with eliminated foods per protocol as shown in Supplementary  Tables 1 and 2 . The dietitian's contact information was provided to address concerns about implementing the elimination diet. The dietitian also reviewed a 3-day pretreatment diet log to assess the pretreatment diet to provide guidance about food substitutions when the 4 foods were excluded. Identification of contamination resulted in removing the contamination and delaying the posttreatment EGD by an additional 4 weeks.
Four foods were eliminated and endoscopic biopsies were performed 8 weeks after the elimination diet to assess histologic response. In responders defined as those who achieved <15 eos/hpf, eliminated foods were reintroduced. Single foods were introduced sequentially in the same order starting with soy, then egg, followed by wheat, and finally milk, with EGD performed at least 8 weeks after every new food reintroduction. Immediate hypersensitivity-inducing food was not introduced, moving instead to the next food in the protocol. If the reintroduced food did not result in the recurrence of eosinophilia (<15 eos/hpf) it was kept in the diet and the next food was reintroduced. A trigger food was identified by the recurrence of inflammation (!15 eos/ hpf) with food reintroduction. The identified trigger food was again removed from the diet. Eight weeks after eliminating the trigger food repeat normal (<15 eos/hpf) baseline EGD (defined as washout period) was performed. The next food was introduced after the washout EGD, and this study design is illustrated in Figure 1 .
Demographics and atopic medical history was collected at the time of recruitment. The presence of IgE-mediated food allergy was determined from history of immediate reaction to specific foods confirmed with food-specific allergy testing (IgE or SPT).
Symptom Data Collection
Parents and subjects completed nonvalidated 17-question symptom instrument at the time of study entry (baseline) and at the time of each subsequent EGD. The 17 symptoms in the instrument are listed in Table 1 . Each symptom was scored absent (0) or present (þ1). The total symptom score was determined by adding the individual patient symptom scores.
Endoscopic Findings
Endoscopic features including edema, rings, white plaques, linear furrows, and strictures were scored absent (0) or present (þ1). The total (composite) endoscopic score was derived by adding the component scores for individual findings. The total scores ranged from 0 to 5. 
Histologic Analysis
Four biopsy samples for histologic assessment were obtained from 2 different levels of the esophagus. Eosinophils were reported as peak eosinophil counts/hpf from the densest areas of the esophagus. Presence of basal cell hyperplasia was also described. Gastric and duodenal biopsies were also obtained. Pathologists reviewed the biopsies at each of the participating institutions, and their assessment was used to define remission or identify trigger foods. The study's central pathologist (MHC) provided oversight by reviewing random biopsies from participating institutions. There was no interobserver variability, and interobserver consistency was identified between the participating pathologists and the central pathologist. Eosinophil count was assessed at high power magnification Â400 hpf (0.23 mm 2 ). The cutoff value of 15 eos/hpf was used to evaluate remission.
Anthropometric Measurements
The z scores for weight, height, and body mass index (BMI) at baseline and each subsequent EGD were determined using the SAS program for CDC 2000 growth charts (SAS Institute, Cary, NC) (2 to <20 years).
Statistical Analysis
Changes in peak eos/hpf before and after FFED were evaluated using a 2-sided paired t-test. Differences in baseline characteristics between treatment responders and nonresponders were assessed using a 2-sample Student t test, the Wilcoxon rank sum test, or the chisquare/Fisher exact tests. Association between demographic and clinical characteristics of interest and treatment response was tested with logistic regression. The area under the curve of the receiver operating characteristic curve was calculated to assess the predictive value for the final model. Pairwise comparisons for each pair of geographic regions explored for significant omnibus test using 2-sample Student t tests, Wilcoxon rank sum tests, chi-square, or Fisher exact tests as appropriate using Bonferroni corrections. Sensitivity, specificity, negative predictive value, and positive predictive value were calculated for each food to evaluate the validity of SPT and serum sIgE allergy test compared with FFED-identified trigger foods. Changes in standardized height, weight, and BMI z scores was assessed between responders and nonresponders using 2-sample Student t tests. All statistical analyses were performed using SAS version 9.4 (SAS Institute). Unless otherwise specified, alpha ¼ 0.05 was used to determine statistical significance.
Results

Patients
Between 2011 and 2016, a total of 96 children consented to participate and of these 18 were excluded: 5 left prior to starting the diet, 8 found the diet too difficult, 1 dropped out for insurance reasons, 1 was lost to follow up and 3 did not meet the inclusion criteria ( Figure 2 ). All 78 subjects (67% male, mean age 9.01, 83% white, 90% atopic) who met inclusion criteria were incident cases, except for 3 who had been previously treated with topical steroids, and are the basis of this study Table 1 .
Histologic, Clinical, and Endoscopic Responses
Histologic remission was achieved in 50 of 78 (64%) subjects. The peak eosinophil count in the proximal esophagus decreased from 43 AE 32 and 3 AE 3 per hpf and in the distal esophagus decreased from 55 AE 34 to 4 AE 4 per hpf with FFED treatment. Basal cell hyperplasia resolved in 36% of the responders (P < .001) and persisted in all the nonresponders. Food contamination was not identified in any patients before the scheduled post-4-food elimination EGD.
All symptoms resolved in 36% of respondents and symptom score decreased in 91%. The mean baseline symptom score decreased from 4.5 to 2.3 in responders (P < .001). Table 2 shows specific symptoms that resolved in a significant number of FFED treatment responders: abdominal pain (P < .05), poor appetite (P ¼ .01), vomiting (P ¼ .01), food impaction (P < .05), choking/gagging (P ¼ .01), regurgitation (P ¼ .01), pocket/spit out food (P ¼ .01). Interestingly nonresponders had resolution of chest pain (P < .05) and atypical symptoms, such as early satiety (P < .05), and nausea (P ¼ .5).
The mean endoscopic baseline score decreased from 2.1 to 1.3 (P < .001) in the responders. The changes in specific endoscopic findings are shown in Table 2 . Exudates resolved in 96% respondents (P < .001). Edema resolved in 66% (P < .001) and furrows in 62% (P < .001). Rings persisted in all subjects who had them at baseline.
Mean weight and BMI z scores in responders decreased 0.2 AE 0.43 and 0.31 AE À0.56, respectively, from baseline values. On completion of food reintroduction process weight and BMI z scores showed increase from baseline scores.
Baseline characteristics of patients showed no differences between responders and nonresponders regarding demographics, symptoms, endoscopic findings, and eosinophilic density in biopsies but there were more female responders (P ¼ .003); more responders with asthma (P ¼ .041); higher proportion with family history of allergy in nonresponders (P ¼ .002); and higher proportion of nonresponders with food-specific IgE sensitization to wheat (P ¼ .010), egg (P ¼ .001), and soy (P ¼ .007). At baseline all included subjects consumed all 4 foods except 5 subjects with anaphylactic food allergies who avoided milk (1), egg (3), and/or soy (1). These foods were not reintroduced during the reintroduction phase.
Forty-seven subjects reintroduced between 1 and 4 foods, and the distribution of the trigger foods in these subjects is shown in Figure 3A . Twenty-five of the 47 subjects were challenged with all foods except foods avoided at baseline (2 egg, 1 soy). Distribution of specific food triggers in these 25 subjects is shown in Figure 3B . In this group of 25 the distribution of the number of identified food triggers is shown in Figure 3C . From responders who introduced all foods single food trigger was identified in 16 patients and included 14 (88%) to cow's milk, and 1 each to soy (6%) and wheat (6%). Two patients reintroduced all 4 foods without reactivity.
Because histologic, symptom, and endoscopic scores decreased after treatment the correlation between histology, symptoms, and endoscopic and weight z scores was analyzed at multiple time points that included baseline, after FFED, and after each food reintroduction as shown in Figure 4 .
The utility of specific sIgE and SPT testing to identify EoE food triggers was assessed in treatment responders. Sensitivity, specificity, negative predictive value, and positive predictive value were calculated to cow's milk, wheat, egg, and soy, and the results suggest that serum sIgE and SPT are not useful in identifying EoE food triggers (Supplementary Table 3 Demographic, clinical, allergy testing, endoscopic, and histologic characteristics in the 3 different regions is shown in Supplementary Table 4 . A higher proportion of subjects from the East Coast had IgE-mediated food allergy (P ¼ .027), exudates (P ¼ .001), and a strong family history of eczema (P ¼ .014) compared with the Midwest or South.
Discussion
This study demonstrates that exclusion of milk, wheat, egg, and soy for 8 weeks induces clinical, endoscopic, and histologic remission in most children with EoE. This is the largest prospective, multicentered outcome study to date evaluating the efficacy of an empiric elimination diet for the treatment of EoE in children or adults. It is additionally the first prospective elimination diet study conducted in children with EoE. Cow's milk was the most common food trigger identified in 85% of patients, followed by egg (in 35% of patients), wheat (in 33% of patients), and soy (in 19% of patients) with the frequency of trigger foods that is identical to the SFED study. 11 The number of subjects in whom milk was a food trigger is even higher in our study than previously reported, 11 thereby making cow's milk elimination the most significant component of any elimination diet therapy and providing the basis for milkonly elimination diet approach. Thirty-six percent of responders had more than 1 food trigger, and this finding supports single food reintroduction process to accurately identify food triggers.
Symptom scores decreased in 91% of the histologic responders, with complete symptom resolution in 36% of the histologic remitters. Symptom response, however, is an unreliable marker of mucosal healing, as has been previously documented, and histology remains the only reliable modality to assess treatment response. 4, 7, 8, 13 One or more abnormal endoscopic findings persisted in more than 50% of histologic responders, demonstrating as previously reported that endoscopic findings are not a reliable biomarker for histologic disease activity.
14 Elimination of multiple foods from the diet increases the risk for malnutrition and nutritional deficiencies. 15, 16 Nutritional guidance regarding proper food substitution and vitamin and mineral replacement to prevent malnutrition and nutritional deficiencies was provided at the outset. Despite this, responders demonstrated temporary weight loss with subsequent catch up weight gain once reintroduction of foods was completed.
SFED is first-line nonpharmacologic treatment for EoE in children and adults.
2 Excluding 6-8 foods simultaneously, the long reintroduction process, and costs associated with lost work/school and of multiple EGD are limitations of this approach. The present study by being less restrictive, requiring less time to complete food reintroduction, and fewer EGD is likely to be accepted by patients and their families.
Female gender was identified as one of the statistically significant predictors of response in our subjects. This observation differs from adults, where a higher likelihood of response was reported in males. 7 History of asthma was another positive predictor of response. Family history of food allergies was a predictor of poor response as was the presence of food sensitization to FFED foods based on serum sIgE testing with abnormal serum sIgE levels predicting lower response. This last finding has also been previously reported by Erwin et al, 17 and supports the concept that EoE patients with IgE-mediated food allergy represent a unique EoE phenotype, as we have previously reported. 18 Food sensitization seems to be a marker for a more broadly food-allergic phenotype that does not respond to FFED.
The large cohort size and the multicenter design with children recruited from 4 large metropolitan areas in 3 different geographic regions of the country is the major strength of this study and reinforce the external validity of our results. Other strengths of this study include single food reintroduction and washout period when the trigger food is identified. This added step removes the likelihood of recurrence of inflammation being ascribed to factors other than true allergy to the trigger food. The identical order of food reintroduction removes bias about the relative incidence of each antigen-triggering inflammation.
Limitations of this study include nonrandomization and the absence of a control group. There is potential selection bias by recruiting nonconsecutive patients and families motivated by elimination diet, although this mirrors clinical practice. A nonvalidated symptom instrument was used because at the time of this study's inception a validated symptom instrument was not available and this is another potential limitation of the study. Another potential limitation of the study is the applicability of this dietary approach to children in countries with dietary habits that are different and unique from those in United States.
Twenty-four subjects who responded to FFED dropped out before completing the reintroduction process identifying all possible trigger foods. This is emblematic of the difficulties of even temporarily excluding 4 foods and undergoing multiple EGD. It highlights the fact that dietary therapy is not suited for every patient. Careful patient selection, based on detailed and realistic explanation of the constraints of the diet, the number of EGDs required, and the length of time to complete the reintroduction process are essential for the success of this approach.
In summary, this prospective multicenter empiric FFED diet study achieved clinical remission in 9 out of 10 histologic respondents. Histologic remission was achieved in more than 6 out of 10 children, which is nearly identical to remission with SFED but with a diet that is less stringent. Subsequent systematic food reintroduction identified cow's milk as the most frequently identified trigger followed by wheat, egg, and soy. Thus, 4-food empiric elimination diet has nearly comparable efficacy to SFED but is less restrictive and requires less time to complete the reintroduction. Our results provide evidence that FFED can be offered to children in preference to SFED and as an alternative to topical corticosteroid-refractory patients for the treatment of EoE. 
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Four-Food Elimination Diet
This diet is free of milk, soy, egg, and wheat. Any or all of these restricted foods on the elimination diet may be an ingredient in many processed foods. They may be also used as preservatives or flavors. There is no substitute to careful reading of food labels in order to make certain that none of the four food allergens is contained in a given food. Ingredients in a given food can change without warning. So read labels carefully on all foods every time you shop and even for foods that you have bought before. Avoid buying foods from bulk bins there is highly likelihood of mislabeling the foods. There is also a high probability of cross contamination of foods sold in bulk bins. Foods served in a restaurant or fast food establishments may be cross contaminated with above restricted foods, and many foods contain hidden sources of antigens and thus caution should be exercised when eating out. Cross-contamination occurs when one food comes into contact with another food & their proteins mix. Each food then contains small amounts of the other food that we often can't see. Even a trace amount of food from cross-contamination can cause an allergic reaction. When cooking at home, cook the allergy-free meal first, cover, and cook/prepare the rest of the meal. Make sure utensils and cookware are clean prior to use (thoroughly washed with soap and water 
